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(54) NEGATIVE ELECTRODE FOR LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To provide a new negative dec trode active 
substance capable of remarkably improving characteristics of a 
lithium secondary battery by pasti ng the surface of a negative 
elec trodo cai fe on -mater ial with an amorphous carbo rithi n film, 
CONSTITUTION: A lithium secondary battery consists" of a 
positive electrode body 1 of an electrolytic manganese dioxide, a 
separator 2 made of a polypropylene nonwoven cloth, a negative 
electrode body 3, an electrolyte of propylene carbonate in which 
one mol/litter of LiCI04 is dissolved, a case 4, a sealing plate 5, 
and an insulating packing 6. The negative electrode body 3 is 
produced as follows: After 99 parts by weight of milled (0.1mm) 
of a graph itized carbon fiber is uniformly mixed and agitated in a 
liquid phase with one part by weight of dispersion of PTFE, it is 



dried into a paste-like state, Three milligrams of the obtained 
negative electrode substance are press- fitted to a nickel mesh 
so as to produce a negative electrode body 3 followed by 
vacuum drying, and subsequently accomodated in an image 
furnace of an infrared system, then ajbena gne vapor is fed so as 
to form an amorphous thin film of a decomposed carbon on the 
surface of the negative electrode body 3, resulting in the 
formation of the negative electrode body 3. 




6 3 4 



LEGAL STATUS 

[Date of request for examination] 25.03.1 992 

[Date of sending the examiner's decision of rejection] 20.02.1996 

[Kind of final disposal of application other than the 

examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2000 Japanese Patent Office 



http://www1.ipdljpo.go.jp/PA1/result/detail/main/wAAAa12835DA405275076P3.htm 



01/08/10 



JP5-275076-A 



THOIViSOlM 

* 

DERWENT 



MACHINE-ASSISTED TRANSLATION (MAT): 



(i9)[*f?ii] 

(11)[£Hj#-i§-] 

¥5- 275076 



(19)[ISSUING COUNTRY] 

Japan Patent Office (JP) 

(12)[GAZETTE CATEGORY] 

Laid-open Kokai Patent (A) 

(11)[K0KAI NUMBER] 

Unexamined Japanese Patent (1993-275076) 
Heisei 5-275076 



(43)[^PlP] 

*PJS5¥(1993)10£22I 



(43)[DATE OF FIRST PUBLICATION] 

(1993.10.22) 

(54)[TITLE of the Invention] 

The negative electrode for lithium secondary 
batteries 



(51)[H(8#fT-#3S 
H01M 4/02 

C23C 
7325-4K 

H01M 4/58 
10/40 



(51)[IPC Int. CI. 5] 

D H01M4/02 
16/28 C23C 16/28 
H01M4/58 
10/40 Z 



D 



7325-4K 



(2i)[ttill##] 

#H¥4- 66404 



[REQUEST FOR EXAMINATION] Yes 
[NUMBER OF CLAIMS] 4 
[NUMBER OF PAGES] 4 

(21)[APPLICATION NUMBER] 

Japanese Patent Application (1992-66404) 



5/29/2003 



1/16 



(C) DERWENT 



JP5-275076-A 



THOMSON 

. * 

DERWENT 



Heisei 4-66404 



(22)[fflKfi] 

^4¥C1992)3^24P 



(22)[DATE OF FILING] 

(1992.3.24) 



(71)[ttS«Al 



(71 )[PATENTEE/ ASSIGN EE] 



000001.144 



Mffftra is: is a* bs i r n s 

(74)[ hEl^^^SftMA] (74)[the designation representative of said 1 

name] 



[ID CODE] 

000001144 

[NAME OR APPELLATION] 

Chief of Agency of Industrial Science and 
Technology 

[ADDRESS or DOMICILE] 



[NAME OR APPELLATION] 

XHt£fl?l9c *BRX?IS*ffW» Institute of technology Osaka technology 
3fil Wl^i) examination head (etal.) 

(71)[ffilHAl (71 )[PATENTEE/ ASSIGN EE] 



000000284 



[ID CODE] 

000000284 



[NAME OR APPELLATION] 

K.K., Osaka Gas 



5/29/2003 



2/16 



(C) DERWENT 



JP5-275076-A 



THOIVISOISI 

* ' 

DERWENT 



l&mX&mm] [ADDRESS or DOMICILE] 

(74)[_t!El*<7>f^SA] (74)[AGENT for above 1 applicant(s)] 

lftm±] [PATENT ATTORNEY] 



[l^Xmcm [NAME OR APPELLATION] 

Saegusa Eiji 

(72) [ 51 ^ # 1 (72)[IN VENTOR] 



, ] [NAME OR APPELLATION] 

ME HUBS Tatsumi Kuniaki 

[f±0fX(±g0f ] [ADDRESS or DOMICILE] 

■xmrn m m nr # m t e 1 2 - 1 

6 

(72)[HIW#] (72)[INVENTOR] 



[ ft£ ] [NAME OR APPELLATION] 

*8B ItSM Sakabe Hikari 

[£grXIiJ&3r] [ADDRESS or DOMICILE] 

*Ktff *ffiitt£ffi6T 1 6-45 
-202 

(72)lmm] (72)[INVENTOR] 



5/29/2003 



3/16 



(C) DERWENT 



JP5-275076-A 



THOMSON 

* 

DERWENT 



*K^f KffiT(tft«5T @ 8#2 
212 

(72)[Sg^#] 



[NAME OR APPELLATION] 

Higuchi Toshikazu 

[ADDRESS or DOMICILE] 
(72)[INVENTOR] 



[ft* 1 [NAME OR APPELLATION] 

JS8H Ha5A Mabuchi Akihiro 

[tt£r3U*J53T] [ADDRESS or DOMICILE] 

(72)[^PJ#] (72)[INVENTOR] 



[ft* ] [NAME OR APPELLATION] 

tpjil Nakagawa Yoshiteru 

[fl=BrXI*g3r] [ADDRESS or DOMICILE] 

(57)[;«#?Jl (57)[ABSTRACT of the Disclosure] 



[gift] [PURPOSE] 

y^-^r^SJ&co^tt^ti^ It sets it as the main objectives to provide the 

ift#M#£$fUV V A@?S"^/S^ new negative-electrode active material which 

ti<&i~SC:££;£ft § W£"£"<5 0 can improve the characteristics of a lithium 
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[CONSTITUTION] 

The negative electrode for lithium secondary 
batterieswhich coated the faceside of a carbon 
material used as a component of a negative 
plate by the thin film of an_amorphous carbon, 
and the lithium secondary battery which makes 
material which coated the facesjdejpf^^.rbo.n_ 
jrij ateri aJ byJSe flhTn film of,.an~ amorph qus_ 
carbon the component of a negative electrode. 



[CLAIMS] 



[»*JSl] [CLAIM 1] 

1kW>^^f$^ r MtVXffl^^bti%> The negative electrode for lithium secondary 
^—^^U^MM^T-t/^yr^ batteries which coated the faceside of a carbon 
ffiM^W^X^— T^y^LfzV material used as a component of a negative 
f-^J^Z^Mft^oM^ electrode by the thin film of an amorphous 

carbon. 



I3»*352] [CLAIM 2] 

T^r/^yr^M(OM^CVD The negative electrode for the lithium 

felcXVI&ffcLXte&tn'&^l lc secondary batteries of Claim 1 which forms the 

mM£<7)V^$J+zrJkMMffl?)\k thin film of an amorphous carbon by the CVD 

4£L method. 
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im^m] [claim 3] 

io^—if^y^^^M^T^ivy-r^ The lithium secondary battery which makes 

^^WM^X^—y^^y^LtiU material which coated the surface of a carbon 

p\-%MM<D^f$WMt-t& ] J"?~ x } material by the thin film of an amorphous 

A.::^cli c carbon the component of a negative electrode. 



[M#S4] [CLAIM 4] 

T^suy 7 xj~>ziM (?) WBr&CVD The lithium secondary battery of Claim 3 which 

ife(cj;l9^fijcLT?Je5sS^^S3tc forms the thin film of an amorphous carbon by 

L c the CVD method. 



[DETAILED DESCRIPTION of the 
INVENTION] 



[0001] 



[0001] 



[INDUSTRIAL APPLICATION] 

This invention relates to the lithium secondary 
battery which was excellent in an energy 
density, discharge characteristics, cycle 
characteristics, etc., and the negative-electrode 
material used for it. 



[0002] 



[0002] 



[PRIOR ART] 

The so-called lithium secondary battery which 
uses lithium as a negative-electrode active 
material, uses a metal chalcogenide or a 
metallic oxide as a positive electrode active 
material, and uses the solution made to 
dissolve various salt in an aprotic organic 
solvent as electrolyte attracts attention as a 
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high-energy density type secondary cell, it 
inquires briskly. 



[0003] 

mkx%^btizzt&^<, % 



[0003] 

In the conventional lithium cell, the lithium as a 
negative-electrode active material is used with a 
leaf-like simple substance in many cases, if a 
charge and discharge is repeated, since 
dendritic lithium will precipitate and two poles 
will short-circuit too hastily, it has the fault that 
the cycle life of a charge and discharge is short. 



[0004] 

t^tc ^mmmwtLxr^^ 

bXsxm&tt, mmmcz.a)^ 
'/jmrnzfoxi ^ cxmmuoo 

2492^#flS) e L^L^^ C 
^ r> J* <D m ffl (S ft] Jh X # & t CO 



[0004] 

In order to prevent precipitate of dendritic 
lithium, the fusibility alloy which contains 
aluminium or lead, the cadmium, and an indium 
as a negative-electrode active material is used, 
lithium is precipitated as an alloy at the time of 
charging. 

Lithium is dissolved from this alloy at the time of 
discharge. 

The above-mentioned procedure is proposed 
(US Patent 4002492 reference). 
However, according to such procedure, 
although precipitate of dendritic lithium can be 
restricted, the energy density of a battery falls. 



[0005] 

fete, 

ftz&zzhTbmfrbtix^Zo m 
tmrnztixh ^ («fhbs63 - i 

14056^#, «FBfiH362-268 



[0005] 

Furthermore, in order to improve a discharge 
capacity, making a carbon material carry lithium 
is tried. 

For example, making a fibrous or powder-form 
carbon material carry lithium is proposed 
(Unexamined-Japanese-Patent No. 63-114056 
and 62 to 268056 reference). 
However, in the lithium secondary battery which 
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uses a carbon material as a carrier body of 
lithium, when what has the big power which 
carries out solvation is used as an organic 
solvent, the problem that a lithium ion 
intercalates to a carbon interlayer where 
solvation is carried out (cointercalation) arises. 
Consequently, a carbon layer receives damage, 
and, it destroys and rapid degradation of the 
cycle characteristics of a battery is caused. 



[0006] 



[0006] 



[PROBLEM to be solved by the Invention] 

Therefore, this invention sets it as the main 



®?&c9#f4^A"i|i^a:#U#^ objectives to provide the new 
SfLV^H^fe'jff=SrHW"f"Swir negative-electrode active material which can 
#j£"t"<5 c improve the characteristics of a lithium 

secondary battery sharply. 



[0007] 



[0007] 



[MEANS to solve the Problem] 

This inventor repeated earnestly research in 
view of the present condition of the above 
techniques. 

Consequently, it prevents Jhe jntercalation to a 
^v^co^mkT^^yyy- jsarbgaMeila yer by coating the surface of the 
Si^SiT^-T-fy^tS- carbon material used as a component of a 
b\z.£0 ,lJ—y\*>MW\^<D'0$ negative electrode in a lithium secondary 
— i/aV 7)^\il: £tU ^(O battery, by theJhinJHrrvo^^ 
@ W^rS^t#S^i:^attJL. it discovered that the objective could be 



-km^m&wmtLxmft&xz 
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attained. 



[0008] 

::: ft tHr<zvfi ffitm* 

1. £ffi^«j£S*£LTJiH^ 



[0008] 

That is, this invention provides a following 
lithium secondary battery and its 
negative-electrode material: ^ 
1. Negative electrode for lithium secondary 
batteries which coated the surface of carbon 
material used as component of negative 
electrode by thin film of amorphous carbon. 



[0009] [0009] 

2. T^;is7r^$<M<D'M^$:CV 2. Negative electrode for lithium secondary 

Dfe{£j;9^j$L'C&5±E*Kl batteries of said claim 1 which forms thin film of 

'.iSfcttftilfflco amorphous carbon by CVD method. 



[0010] [0010] 

3. %—7$>%t<DM\& } kT*:/i'7 3. Lithium secondary battery which makes 

T^fvlM^M^X^—'r^^ifL material which coated the surface of a carbon 

tcW¥c&1k;\&<D^f$WM}:'f&) material by the thin film of an amorphous 



carbon the component of a negative electrode. 



[0011] [0011] 

4. T^;K77>^§R£>PJ)K&CV 4. Lithium secondary battery of said claim 3 

D&{c£W£/$LT&Si;Jdil3 which forms thin film of amorphous carbon by 

fcWfflWJf-V^fcW&o CVD method. 



[0012] 

#<£&*(fc:V7-*, fi : ifoWu PA 



[0012] 

In this invention, it does not limit the origins 
(pitch -based, petroleum -based, PAN -based, 
etc.) of the carbon material used as a 
basic-composition component of a negative 
electrode, kinds (carbon fiber, 
graphitized-carbon fiber, etc.), forms (moldings, 
such as a powder, fibrous, a pellet, and an 
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electrode etc.), etc. 



[0013] 

s 0 



[0013] 

The thin film of an amorphous carbon is formed 
in the surface of the above-mentioned carbon 
material in this invention. 
An amorphous carbon thin film ab sorbs lithium 
without causing the in tercalation reaction of , 
litHium- 

Or cointercalation is not carried out even if it 
carries out an intercalation. 
Above-mentioned character is comprised. 
Consequently, when passing through this 
amorphous carbon thin film, the solvent which 
was carrying out solvation to the lithium ion 
detaches. 

Therefore, where solvation is carried out, a 

lithium ion will not carry out an intercalation 

(coi ntercalation) to si carbon laye r,-- 

consequently, a carbon layer is damaged. 

It destroys, it avoids that the cycle 

characteristics of a battery degrade quickly. 

Moreover, the formed carbon diaphragm itself 

can also occlude lithium. 

Therefore, the discharge capacity per unit is 

compared when using thin films other than a 

carbon, it increases. 



[0014] [0014] 

?W§^7#$ci~<5-^ifef3u wGOfidft The approach of forming a thin film is not limited 

T^/is77^&Mfi x Mf&£ki%>$®i as long as such an amorphous carbon is 

y.mife£h%ii<0-C&t£\<^\C formed. 

VDjfe, ffifflKJSfe£^##]?rc£ However, it illustrates a CVD method, the 

ti<5 0 liquid-phase reacting method, etc. 



[0015] 



[0015] 
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ffl If ¥fWRfetSth&h In particular the thickness of a thin film is not 
(DTte&V^VSIffiO. 01~I0 limited. 

/zmgS"?&5o However, it is usually about— 0:0^1— 4o-J0 

micrometer 



[0016] 



[0016] 



^^Wl^^T^/^yr^J^^W- According to a conventional method, it provides 

B:&Mf$£tifz?J--y$>U\t, 1$ in lithium the carbon material which had the 

St^i^oT Vf'tyJ^&ff-^^fri, D amorphous carbon thin film by this invention 

^$J*lLd:1$t}faco3k1M1£%lWt formed, it is used as a negative-electrode active 

LTft[ffl£H<5 t > material of a lithium secondary battery. 



[0017] 



[0017] 



[ADVANTAGE of the Invention] 

According to this invention, it is suppressed that 
the cycle characteristics of a lithium secondary 
battery degrade quickly by damage on the 
carbon layer of a negative-electrode active 
material, destruction, etc. 
Moreover, an energy density can be raised. 
Therefore, the discharge capacity per unit of a 
negative-electrode active material is compared 
when using thin films other than ar^amorphous 
carbon, it increas'esT~~~~ 



[0018] 



[0018] 



IMMW [EXAMPLES] 

&T\Z-MM$\&tf'L s ~fc$%ty\<D An Example is shown below, the characteristics 

W^tirZbZ%frM—j§tylM^ of this invention are clarified further. 

[0019] [0019] 



5/29/2003 



11/16 



(C) DERWENT 



JP5-275076-A 



THOIVISOIM 

* 

DERWENT 



nmwi 

H«^^*«*6(SG-241, 
mm) 99&MUtPTFE(Df^^ 

(*)K)ifi*a(B^fcL-r) 



Example 1 

Production of a negative electrode 
It is made to dry after mix and stirring uniformly 
99 weight-parts (0.1 mm) of mild of the 
graphitized-carbon fiber (SG-241, Product 
made from Donac Co., Ltd. ), and 1 weight-part 
(D-1, Daikin Industry, LTD.) (on a solid basis) of 
dispersions of PTFE by the liquid phase. 
It considered as the shape of a paste. 
Thus, 3 mg of obtained negative-electrode 
materials is crimpe d to a nickel mesh by ^ 
pressure, a negative-electrode object is 
produced, it vacuum-dried by 200 
degrees-Celsius for 6 hours. 



[0020] 



[0020] 

Subsequently, the negative-electrode object 
acquired above is held in the image furnace of 
an infrared-heating system, the benzene vapour 
which uses argon as a base by 1000 
degrees-Celsius is supplied, the 
negative-electrode body surface was made to 
generate the amorphous thin film of a pyrolytic 
carbon. 



[0021] 

*fcy^£A£KJK£-£fco ceo 

mn^izm-mmm, mm 



[0021] 

Let the acquired negative-electrode object be a 
working electrode, a lithium metal is used for a 
counter electrode and a reference pole, and 
occlusion of the lithium was carried out to the 
negative-electrode object until an electric 
potential was set to ON. 

The conditions (electrolyte, current density, etc.) 
in this operation were made to be the same as 
that of the measurement conditions of the 
battery characteristics performed henceforth. 
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[0022] 



[0022] 

Production of a battery 

Subsequently, the following 

constituentjnaterial is used, the lithium 
secondary battery shown as sectional drawing 
in FIG. 1 was produced. 



[0023] 

^--.^4, $tP«5, Ififf 



[0023] 

Positive-electrode object 1... Electrolytic 
manganese dioxide 

Separator 2... Polypropylene nonwoven fabric 
Negative-electrode object 3... What was 
obtained above 

Electrolyte... Propylene carbonate in which 
LiCI0 4 was melted by the density of 1 mol/l 
In FIG. 1, the battery is equipped with case 4, 
the sealing board 5, and the insulated packing 6 
as components other than the above by the 
lithium secondary battery. 



[0024] 



« * <t- t % tk « £ ft * o tz e 

M^ifi, ov 
izi&T-t^x^mmtLtz, 



[0024] 

A measurement of battery characteristics 
In order to investigate the discharge 
characteristics of the lithium secondary battery 
obtained above, the charge and discharge was 
performed on the constant-current conditions of 
50 mA/g (negative-electrode carbon reference 
standard). 

The discharge capacity was made into the 
capacity until a cell voltage falls to 2.0V. 



[0025] [0025] 

^fM^LT, T^^yy^Wi In addition, battery characteristics were 

M'M^%'&f&V^ s B§aiti%^ measured on the same conditions also with the 

|$££(±IS<hfW]|iokc7))£ftffl lithium secondary battery of the conventional 
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"f Sftffi^^rfflv^^i^^oy^ 1 type using the negative-electrode object which 
£iO&fr$Itf>o^~Ob, }r3— ^fe uses the graphitized-carbon fiber (thing similar 
ftT ^MyfoW&vWjfe&fftZ'J to the above) which does not form an 



amorphous carbon thin film as a control. 



[0026] 



[0026] 

A result is as showing to Table 1 . 



[0027] 

m i 
ft < 



& a (Ah/kg) 



lOivf^k 



^ Mi w i 

220 215 

» m 

210 155 



[0027] 

Table 1 

Discharge capacity (Ah/kg) 

1 cycle 10 cycles 

Example 1 220 

215 

Control 210 
155 

It is clear from the result shown to Table 1 . 
The lithium secondary battery by this invention 
is compared with the conventional lithium 
secondary battery, the cycle degradation 
assumed to be based on cointercalation is 
hardly accepted. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 



[HI] [FIG. 1] 

mU^, MMMl^^titc^ FIG. 1 is sectional drawing of the lithium 

M^y^An&S^oWf cM secondary battery of this invention obtained in 

t?&£> 0 Example 1. 



[Description of Symbols] 

1... Positive electrode 
2... Separator 



5/29/2003 



14/16 



(C) DERWENT 



JP5-275076-A 



XHOIVISOIM 

* 



OERWEIMT 



3--Affi 3... Negative electrode 

4'"^-— ^ 4... Case 

5... Sealing board 
fr'-W^k^y^s'/ 6... Insulated packing 

mi] [fig.1] 



1 2 5 
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DERWENT TERMS AND CONDITIONS 



Derwent shall not in any circumstances be liable or responsible for the 
completeness or accuracy of any Derwent translation and will not be liable for any 
direct, indirect, consequential or economic loss or loss of profit resulting directly or 
indirectly from the use of any translation by any customer. 

Derwent Information Ltd. is part of The Thomson Corporation 



Please visit our home page: 
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"WWW.DERWENT.CO.jp" (Japanese) 
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